Abstract: Instantaneous noise-based logic can avoid time-averaging, which implies significant potential for low-power parallel operations in beyond-Moore-law-chips. However, in its randomtelegraph-wave representation, the complete uniform superposition (superposition of all N-bit binary numbers) will be zero with high probability, that is, non-zero with exponentially low probability, thus operations with the uniform superposition would require exponential time-complexity. To fix this deficiency, we modify the amplitudes of the signals of the L and H states and achieve an exponential speedup compared to the old situation. Another improvement concerns the identification of a single product-string (hyperspace vector). We introduce "time shifted noise-based logic", which is constructed by shifting each reference signal with a small time delay. This modification implies an exponential speedup of single hyperspace vector identification compared to the former case and it requires the same, O(N) complexity as in quantum computing.
Introduction
Noise-based logic (NBL), a deterministic logic scheme, which is inspired by the fact that neural signals in the brain are stochastic processes, has recently been introd uced [1] [2] [3] [4] [5] [6] [7] [8] for low-power, large parallel operations in post-Moore-law-chips. In NBL, the logic information is carried by an orthogonal system of random noise processes, which forms the reference signal system (orthogonal base) of logic values [1] . Orthogonality of two proper special-purpose operations on such a superposition could be executed with polynomial hardware and time complexity then NBL could be a potential competitor of quantum computation. To explore how neurones function in data processing, a new type of deterministic logic scheme has also been proposed [3] with a spike-based NBL and settheoretical operations to form hyperspace and to utilize coincidence effects. Recently, within the NBL framework, instantaneous noise-based logic (INBL) [4, 5] , has been introduced (note, the brain logic scheme [3] propose solutions to fix these problems.
For the sake of notational simplicity, in the rest of this Letter, we omit the time variable (t) of stochastic time functions representing the noise-bits values.
Some problems in INBL

Zero value of the complete uniform superposition with high probability
For applications mimicking quantum computing, the N-bit long hyperspace vectors with N=3, one has the 8 orthogonal hyperspace vectors
(1)
Time-shifted noise-based logic
The complete an Achilles-ankle operation it can be generated [2] with only O(2N) complexity:
The easy synthesis of the complete uniform superposition and the resulting high parallelism when manipulating it with simple, low-complexity operations, is very attractive. However, further analysis shows that the complete uniform superposition will be zero with a high probability. This is because each term in the product (2) 
High time complexity for hyperspace vector identification
Suppose, the result of calculations with INBL is a product-string Wi described above,
To decode the result, we must identify Wi . In [6] 
where λ (0<λ<1) is a constant number.
After the above modification, the complete uniform superposition in the new representation is
The particular advantage of this representation is that the absolute value of the time function Y(2 N ) of this superposition will never be zero.
As a practical example, let us consider λ=0.5 . Then the minimum and the maximum of the absolute value of the time function (4) are
respectively. To represent the whole range from 0. Each RTW representing its corresponding noise-bit value has a different start time in the TSINBL scheme. The necessary condition for making a decision about the question if a given noise-bit value is in the product or not, is that at least one of the two RTWs 
Time-shifted noise-based logic to speed up hyperspace vector identification
Time-shifted noise-based logic
Conclusions and Discussion
Although INBL has significant potential for low-power parallel operations without timeaveraging, a number of open problems still exist. In this Letter, we have identified and proposed solutions for two problems: the problems of zero amplitudes of the complete uniform product-superposition and the exponential time requirement to identify an unknown product state.
